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Ultraviolot Illumination Equipme nt 

This invention concerns ultraviolet illumination equipment to ^c rf on n dry washing by moano of 
5 ultraviolet radiation from a dielectric-barrier discharge lamp, and by Hasafts-ofozone created at the 
same time by the ultraviolet radiation. 



Baokgroimd^£Toohno l og y» 



in 

y Technology for dry washing by means of ultraviolet illumination equipment using an ultraviolet 

ai t( radiation light source has been known for some ^tmioftliig ultraviolet illumination equipment has 

l Gin been used for light aefemg and precision light washing in the liquid crystal and semiconductor field 

in 

£ rf Ultraviolet illumination equipment of this type have previously used, as the ultraviolet light source, 
\ j low-pressure mercury lamps and medium pressure mercury lamps that radiate well at the ultraviolet 
wavelengths of 253.7 nm or 184.9 nm. 

Various chemicals such as organic solvents, acids and alkalis are used when processing 
1 5 semiconductor or liquid crystal devices, and so these chemicals are often removed by evaporation. 
Among these chemicals are those that absorb ultraviolet radiation and are broken down by the energy 
and produce reaction products after reacting with other chemicals. For example, ammonium 
bisulfate (NH 4 )H(S0 4 ) 2 and ammonium sulfate (NH 4 ) 2 S0 4 are produced. 



20 



Such reaction products circulate as fine dust particles within the clean room, and when these fine 
dust particles accumulate, they sometimes become a factor with a deleterious effect on the 
manufacturing process. 
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On the other hand, in recent years, dielectric-barrier discharge lamps with high energy, a single 

i *u j j «- • , AS +V»e u\ta«Si»lei lUuwwotfop Gfivfatttt fl^t, 

wavelength and good efficiency have come to be used^n place of the mercury lamps described A 

abovo, as the ultraviolu light auuitfin ulUdvi o Lt - illuniiiiaiion eQUirJifi e rft . 

In ultraviolet illumination equipment that uses a dielectric-barrier discharge lamp as the ultraviolet 
light source, the dielectric-barrier discharge lamp is placed in a receptacle that is sealed to separate 
it from the atmosphere, and the ultraviolet radiation emitted by the dielectric-barrier discharge lamp 
passes through a part of that receptacle to illuminate the item to be processed. 

Nevertheless, there has been a problem in that ultraviolet illumination equipment that uses a 
dielectric-barrier discharge lamp has a window through which the ultraviolet radiation passes, and 
the reaction products mentioned above are carried by convection and adhere to this window. 

The reason the reaction products adhere to the window is that when the dielectric-barrier discharge 
lamp is lit, the temperature of the front of the lamp is low, about 70 °C, and so the radiant heat 
radiated from the lamp cannot heat the window sufficiently. Because of that, reaction products that 
come into contact with the window are not carried away from the window by the radiant heat, but 
immediately adhere to the window. 

As a result, there are the problems^hat the transparency to ultraviolet radiation is lowered by the 
reaction products that adhere to the window, and the intensity of the ultraviolet radiation is not 
uniform throughout the area of illumination. 

There is the further p**Wemthat processing defects and flaws appear on the item being processed, 
and the yield is reduced. • 

In cases of a considerable buildup of reaction products adhered to the window, there is a problem 
in that the reaction products can peel off the window as large pieces of debris, and contaminate the 
processing environment of the clean room. 
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Ihis invention was made on the basis of the situation described abovoj ito purpose is to provide 
ultraviolet illumination equipment that makes it possible to prevent reaction products due to 
ultraviolet radiation from adhering to the window, and thus to prevent reduction of the intensity of 
the ultraviolet radiation and the formation of debris from the reaction products. 



In order to resolve the problems described above, the ultraviolet illumination equipment «tes©pfeed 
i a -o laini 1 i u ul lm v iu l c l illumina t ion equipment that has a dielectric-barrier discharge lan^Tlocated 
within a receptacle, window in the receptacle through which the ultraviolet radiation from the 
dielectric-barrier discharge lamp is emitted, and t h at to characterised b y» esteb fehiiiciil Uf a heating 
means to heat the window to at least 100°C 

Thet ritraviolot illumination equipment doacribcd in claim 2 is ulliaviulcl illuminatiuii equipment s 
doooribcd in claim 1 abuvc, in which the heating means is established within the ultraviofl 
illumination equipment. 



T hfri il traviolot illumination c q ui pffi^t4es rrihnd in rhim 1 is ultraviolet illuminatiuii cquipmeft t-as 

At 

dooo r ibed in claim 2 abovti, in which the heating means is a thick-film heater formed on the surface* 
of the window. 



The ulliav T f)1o t illumination equipment riesrrihrdin claim 4 ic ultraviolet illumination . equ i pmen t as- 
doooribed in cl ai m 2 db wo , in w l i i ch the heating means is a linear heater formed on the surface of^ q 
the window. 



The ultr a violet illuminatiuii equipment described in cla i m 5 is ul tia vi u l c l illuminati o n equipm e n t a» 
abuvc 1 , in which the he; 



d es orib od in claim 2 abuvr , in - w l iich the heating means is an incandescent bulb. CL£ 



Brief pqjlaiiation of Di a Willgs 
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Figure 1 is an explanatory drawing of the ultraviolet illumination equipment of this invention. 



Figure 2 is an explanatory drawing of a window using a thick-film heater as the heating means. 

Figure 3 is an explanatory drawing of a window using a microheater as the heating means. 

Figure 4 is an explanatory drawing of a window using incandescent bulbs as the heating means. 

5 Figure 5 is experimental data showing the change, due to the temperature of the window, in 
transparency to ultraviolet radiation caused by the adherence of radiation products. 

fr, v3 Optimum Kffl^ r.f TmpHmmt^tmn r>f Tm^ n fj~ n 

in 

iii 
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LN ^ Figure 1 is an explanatory drawing of the ultraviolet illumination equipment of this invention 

m 

U 3 



Within a receptacle 1 made of stainless steel, there are a number of dielectric-barrier discharge lamps 
10Q 2 that emit ultraviolet radiation. There is a window 3 made of quartz glass to be transparent to 
ultraviolet radiation on the front of the receptacle 1. 



jr 3 



On the imer^surface of the window 3 of the ultraviolet illumination equipment is formed a heating 
(X- means ffjto^watthe window 3 to at least 100°C. Now, the heating means H will be explained in 

detail hereafter. 



1 5 The receptacle 1 is sealed closed, and the dielectric-barrier discharge lamps 2 are separated from the 
atmosphere. The receptacle 1 is sealed with a gas, such as nitrogen, argon or neon, whose 
transparency is inactive with regard to the light emitted by the dielectric-barrier discharge lamps 2. 

0^ The dielectric-barrier discharge lamps-w are filled with xenon at 250 Torr as a discharge gas. The 
input power is 0.2 W per square centimeter of sight emitting area, and ultraviolet radiation with a 
20 maximum wavelength of 1 72 nm is emitted efficiently. 



i 
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In figwe 1, 4 is a reflecting mirror that efficiently reflects the ultraviolet radiation emitted by the 
dielectric-barrier discharge lamps 2 toward the window. 

n 

The heating means is explained next. 
A" 

<Heating means 1> 

. F*5ure HI 

As shown in tare 2, a thick-film heatenis formed within the ultraviolet illumination equipment, 

and specificall^on the surface of the dielectric-barrier discharge lamp side of the window 3. 

This thick-film heater HI is a conductive, heat-generating paste that is screen printed onto the 
window 3, then baked for 30 minutes at 500°C. 

Now, the amount of heat produced by this thick-film heater H2 is 1.9 kW. 
<Heating means 2> 

As shown m . figure 3, a microheater, K which is a linear heater, is formed within the ultraviolet 
illumination equipment, and specification the surface of the dielectric-barrier discharge lamp side 
of the window 3. 

This microheater is a fine tube of stainless steel with a nicrome wire running along the center of the 
tube as a heating element, the space between the tube and the wire being filled with high-grade 
powdered magnesium. It is a bendable heater. 

Now, this microheater^is 1 .6 mm in diameter and 40 m in length; the amount of heat produced is 4 
kW. 
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fa The reason that these heating means^the thick-film heatejand the linear heater^e formed within 

the ultraviolet illumination equipment, and specifically on the surface of the dielectric-barrier 
discharge lamp side of the window 3 is this: to prevent deterioration of the heaters by preventing 
direct contact of the heaters with the gases and vapors produced during processing of the item being 
5 processed, and to keep the heaters from casting a shadow on points directly below the heaters. 

^ Moreover, by forming the thick-film heater^ the linear heate£directly on the surface of the 

window 3, it is possible to heat the window 3 more efficiently. 

<Heating means 3> 

\g As shown in-ggW4, incandescent halogen bulbs 5 are placed between the dielectric-barrier 

lOy discharge lamps 2, within the receptacle 1 . 

6" Ul In this case, the window 3 is heated by the infrared radiation from the incandescent bulbs. S 



5 A 

*g When incandescent bulbs^are used as the heating means^in this way, the structure of the ultraviolet 

1=* illumination equipment is simpler than with thick-film heaters* dr linear heatersjand there is no 
IKt iB . N A. 

p obstruction at all of ultraviolet radiation passing through the window. Therefore, the uniformity of 

1 intensity of the ultraviolet radiation emitted is even better. 



Now in this implementation, the incandescent bulbs were 500 W, 25 A halogen lamps sealed on both 
ends. 



Next, experimentation was done to investigate the amount of adhered material relative to the 
temperature of the windowing the ultraviolet illumination equipment shown in figure 1 with a 
^ 20 thick-film heater on the window, as shown in-figure 2. The results are shown in figSe 5. 



^ In fcgwe 5, the vertical scale shows the window's^ansparency to light with a wavelength of 1 72 nm. 

As the temperature of the window rose, the transparency increased. From that fact-it was known that 
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as the temperature of the windowjjecame higher, the reaction products which had adhered to the 

windowbegan to break up and separate from the window. When the window was at 1 00° C reaction 
products that even approached the window were broken up by its radiant heat, and none adhered to 
the window^ 



3 

As was learned from these results, heating the window^to at least 1 00 °C made it possible to prevent 
the reaction products from adhering to the window, to prevent a reduction in the intensity of 
ultraviolet radiation, and to prevent the formation of debris from reaction products. 

As explained above, the ultraviolet illumination equipment of this invention uses a heating means 
to heat the windowto at least 100°C, and so it is possible to prevent the reaction products of organic 
solvents, acids, alkalis or other chemicals, due to ultraviolet radiation, from adhering to the window^ 
and it is possible to prevent the formation of debris from the reaction products. 

Moreover, because the heating means is established within the ultraviolet illumination equipment, 
it does not undergo deterioration from contact with organic solvents, acids, alkalis or other 
chemicals. 

Because the thick-film heater^aad-linear heatersjised as heating mean^are formed directly on the 
surface of the window' the heat generated by these heaters heats the windovs^directly, and so it is 
possible to heat the windo\^efficiently. 

Using incandescent bulb^as the heating meansjsimplifies manufacturing and further improves the 
uniformity of ultraviolet radiation intensity, in addition to heating the window^ 



■field irf 



This invention can be used as ultraviofet illumination equipment for dry washing by means of the 
ultraviolet radiation emitted by the/Qielectric-barrier discharge lamp and simultaneously by means 
of the ozone produced by that ura-aviolet radiation. 



